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Abstract 
It is of great importance to maintain the soil health in grassland ecosystem. Glomalin, a secretion of the Arbuscular 
mycorrhizal fungi (AMF), was proved to be a useful biochemical parameter to evaluate the soil fertility. Present study 
designed a field experiment to investigate the effect of stocking rate on soil glomalin under traditional and mixed 
grazing systems in a temperate steppe of China. The results showed that grazing system significantly affected the 
amount of glomalin, and higher values of total glomalin (TG), total glomalin storage (TGs) and a higher ratio of (TGs) 
to soil organic carbon storage (TGs/SOCs) were found during the mixed system (MS), however, lower values of 
easily extractable glomalin (EEG) and soil organic carbon (SOCs) were achieved. In traditional system (TS), higher 
values of TG, TGs and TGs/SOCs were found in the control (S0) and light grazing treatments (S3). The obtained 
results indicate that light or moderate grazing would favorable to grassland and compared with TS, MS was a 
preferable grazing system to the maintenance of grassland ecosystem. 
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1. Introduction 
Grassland ecosystem occupied an important position in the terrestrial ecosystem and global carbon 
cycle[1]. In recent years, drought, excessively grazing and the change of land-use made the grassland under 
the risk of desertification and reduced biodiversity[2,3]. Among these factors, excessively grazing became a 
major factor for the degradation of grassland ecosystem[4]. The research results demonstrated that grazing 
animals contributed to the redistribution of soil elements in the rangelands[5] and the influx of elements 
from plants into the soil was through the litter formation which would be easily lost through grazing[6]. 
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Thus, it was urgent to establish a suitable grazing pattern for the development of grassland ecosystem and 
prevent the grassland from degradation.  
Glomalin, a secretion of the Arbuscular mycorrhizal fungi (AMF), was proved to be a useful 
biochemical parameter for the evaluating the soil fertility[7]. Glomalin were responsive to the change of 
environment, such as elevated atmospheric CO2 concentrations[8], warming[9], and various agricultural 
management practices[10]. Moreover, glomalin was important for the stability of soil aggregate and carbon 
stock pool[11-13]. Wright and Upadhyaya[11] found that aggregate stability was linearly correlated with 
glomalin. Rillig[14] demonstrated that glomalin was the most important source of the soil active organic 
carbon pool, which accounted for about 27% of the sources of soil organic carbon. Treseder and Turner[15] 
indicated that glomalin stocks were positively correlated with net primary production (NPP) and glomalin 
dynamics was linked to C dynamics.  
Up to now, it was of great scarcity for the information about the effect of grazing system and stocking 
rate on grassland ecosystem. The goal of present study is to investigate the effect of stocking rate on soil 
glomalin under traditional and mixed grazing systems in a temperate steppe. 
2. Materials and Methods 
2.1 Experimental site and design 
Field experiments were conducted in a typical steppe ecosystem located in the Xilin River Basin, 
Inner Mongolia Autonomous Region of China, near to the Inner Mongolia Grassland Ecosystem Research 
Station (IMGERS, 116°42′E, 43°38′N). The annual mean temperature and precipitation were 0.7°C and 
335 mm. The test soil was classified as calcic chernozems with high soil organic C and N concentrations[16]. 
The perennial rhizomatous grass Leymus chinensis (Trin.) Tsvelev and the perennial bunchgrass Stipa 
grandis (P. Smirn) were dominant typical steppe communities[17]. Sheep is the dominant grazing livestock. 
A split-plot design were established to analyze the effects of the main plot ‘management system’ and 
the sub plot ‘grazing intensity’ on production units. Management system included traditional system (TS) 
and mixed system (MS). The MS represented an alternately grazing system in which grazing and hay 
making were alternated annually, whereas the TS plots were consistently used every year for grazing. 
Stocking rates of 0, 3, 6, and 9 sheep ha-1, representing control (no grazing) (S0), light (S3), moderate (S6), 
and heavy grazing intensity (S9) were designed. Each plot size was 2 ha. The detailed experimental design 
was reported by Schönbach[18]. 
The sheep selected for grazing were 15-month-old, 35-kg live weight females, and the grazing season 
continued from mid-June to mid-September each year.  
2.2 Soil sampling and analysis 
In 2009, soil samples were collected from each plot at 0-15cm depth on August 19. Each sample, 
comprised of five soil cores (2.5 cm in diameter), was placed in an individual plastic bag and then 
immediately stored in a 4 ºC cold room. The bulk density was determined using core method established 
by Blake and Hartge[19]. Part of the air-dried and sieved samples was prepared for the determination of 
glomalin and soil organic carbon (SOC). The determination of EEG and TG was according to the method 
developed by Wright[11]. Soil organic carbon (SOC) was analyzed by the wet oxidation technique[20].  
The storage of SOC was expressed as: SOCs = h × d × c, where SOCs was SOC storage in a layer (t ha-
1), h is the thickness (m), d is the bulk density (Mg m-3), and c is the concentration of SOC (g kg-1)[21]. The 
storage of TG (TGs) was expressed as the same. 
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All statistical analyses were performed by SPSS software package. All data were analyzed through a 
General linear model for split-plot design to determine the effects of management systems and stocking 
rate and their interactions; LSD was then performed as a post hoc test to assess the effects of different 
stocking rate under different management system. Difference at P < 0.05 level was considered to be 
statistically significant.  
3. Results and Discussion 
3.1 Soil EEG content 
EEG was considered as a recent glycoprotein produced by hyphae of arbuscular mycorrhizal fungi 
(AMF)[11]. Among all the treatments, the content of EEG was in the range from 0.46 mg g-1 to 1.12 mg g-1 
(Fig. 1). Different grazing system significantly affected the content of EEG, and a higher value was 
observed in TS (Table 1). In despite no significant effect of stocking rates on the content of EEG was 
found, a conspicuous trend should be noticed that the highest content of EEG was found in the treatment of 
S3 and a decrease tendency was observed along with the increase of stocking rates. 
 
 
 
 
 
 
 
 
 
 
Figure 1 Responses of EEG to different stocking rates under TS and MS 
Table 1 f values from anova on the effects of management system (m) and stocking rates (sr) on soil parameters 
 EEG TG TGs SOCs TGsSOCs 
M 55.181** 8.628* 40.509** 19.526** 126.993** 
SR 2.435 8.131** 2.200 0.186 4.216* 
M × SR 1.123 4.460* 1.300 0.676 0.736 
**, * indicate significant at P < 0.01 and P < 0.05, respectively. 
3.2 Soil TG content 
Among all the treatments, the content of TG was in the range from 1.49 mg g-1 to 5.21 mg g-1 (Fig. 2). 
This result was in agreement with the content of TG observed in the grassland of Texas and California[9,11]. 
Different grazing system significantly affected the content of TG, and a higher value was observed in MS 
(Table 1). This phenomenon maybe resulted from the positive relationship between net primary production 
(NPP) and TG[15], and a higher value of NPP was observed in MS[18].  
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In additional, stocking rates significantly influenced the content of TG which showed the same 
tendency with EEG. The higher value of TG observed in light grazing treatment maybe resulted from the 
positive effect of animal excretion and negative effect of trample. Since glomalin was produced by AM 
fungi, soil glomalin may be indirectly influenced by factors that controlled the AM growth. The excretion 
of grazing animals would promote the activity of microbial[22], whereas the trample would destroy the 
aggregate of soil and break the hyphae. 
For the interactive effect of grazing system and stocking rates, significantly difference was observed 
among the stocking rates in TS with the highest value was observed in S3. 
 
 
 
 
 
 
 
 
 
 
Figure 2 Responses of TG to different stocking rates under TS and MS 
3.3 Soil TG storage 
The TGs was in the range from 2.86 t ha-1 to 10.69 t ha-1 (Fig. 3). TGs in MS was higher than that in 
TS. Stock of glomalin in soil was both determined by its production and decomposition. The production of 
glomalin was controlled by the abundance of AMF which was affected by the availability of C source for 
the growth of AMF, while the decomposition of glomalin was controlled by the activity of 
microorganism[15]. In MS, higher value of NPP meant more availability of C source for the growth of AMF 
from photosynthesis. The influence of stocking rate had no change on TGs. The interactive of gazing 
system and stocking rate make the TGs of S0 exhibited the highest value in TS.  
 
 
 
 
 
 
 
 
 
 
Figure 3 Responses of TGs to different stocking rates under TS and MS 
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3.4 Soil organic C storage 
In all the treatments, the SOCs were in the range from 30.25 t ha-1 to 52.09 t ha-1 (Fig. 4). With the 
influence of grazing system, SOCs in TS exhibited higher value than that in MS (Table 1). The 
accumulation of SOC in soil was determined by the input from aboveground and the decomposition 
controlled by the activity of microorganism. The higher SOCs in TS maybe resulted from the reduced input 
of litter of MS in which the plant would be removed by haying. During the TS and MS, stocking rates had 
no effect on SOCs.  
 
 
 
 
 
 
 
Figure 4 Responses of SOCs to different stocking rates under TS and MS 
3.5 The contribution of  TGs to SOCs 
Rillig[14]demonstrated that glomalin was the most important source of the soil active organic carbon 
pool. In this experiment, the ratio of TGs/SOCs, which represented the contribution of TGs to the soil 
organic carbon pool, was in the range from 6.91% to 23.97% (Fig. 5). High ratio of TGs to SOCs in Inner 
Mongolia confirmed the contribution of glomalin to the stock of soil carbon in natural ecosystems. The 
value of TGs/SOCs in MS was significantly higher than that in TS (Table 1). With the interactive effect of 
management and stoking rate, in TS the highest value was obtained in S0 with a decrease tendency along 
with the increase of stocking rate and significant difference was obtained. In MS, no difference was 
observed among different stocking rates. 
 
 
 
 
 
 
 
 
 
 
Figure 5 Responses of TGs/SOCs to different stocking rates under TS and MS 
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4. Conclusion 
In conclusion, soil glomalin was sensitive to the management system and stocking rate in the semiarid 
steppe of North China, which could be used as an indicator to evaluate the healthy degree of grassland 
ecosystem. In addition, glomalin was an important factor which had made a great contribution to the 
carbon pool. Changes in the concentration of glomalin suggested that the mixed grazing system was more 
resilient at moderate or heavy grazing levels in comparison with the traditional grazing system. 
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